
FLOODING INVESTIGATION 
The identified events that caused  

the rapid heeling of the ship at her  

starboard side were: 

!  The transverse shift of the reefer  

truck from the center line to the  

edge of the opened side door 

!  The flooding of the car deck 

!  The transverse shift of the rest of 

the cars 

!  The presence of following waves 

!  The beam winds blowing from the 

port side of the vessel 

!  A pressure of 0.1 t/m2 is applied on  

ship’s profile area acc. to IMO  

weather criterion. 

!  It results to 12.5 degrees of heeling in  

still water and more than 16 degrees  

at the hollow of the wave (hogging). 

!  Due to the small freeboard the lower  

edge of the side door is submerged at  

an angle of about 10 degrees. 

!  The location of the side door; the  

sheer of the car deck; and the large  

trim permitted the accumulation of  

large quantities of water in case of  

flooding and the developing of a large  

free surface. 
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FLOODING INVESTIGATION(2) 

!  In her intact loading condition only 17 tons  
would be sufficient to diminish metacentric  
height in still water and only 6 tons at hogging  
condition 

!  For reference, the forward car deck space  
capacity was 95 tons at a height of 0.5 meters at  
its lower aft end when the trim of the ship was 3  
m (aft). 

!  With the reefer truck hanging at the end of the  
opened side door, a significant heeling moment  
was imposed on the vessel. 

!  In still water the ship would heel about 4 deg,  
reaching 15 deg with the wind force. 

!  At hogging condition these values increase to   5 
and 19 degrees respectively. 

!  Assuming a quantity of 50 tons of flood water  
on the car deck the static heel reaches 9 deg and  
the wind heeling surpasses 21 deg. 

!  According to the testimonies, at the next  
stage the reefer plummeted into the sea  
removing its heeling moment, but at the same  
time the rest of the trucks in the car deck had  
shifted to the starboard side. 

!  Assuming a shift of 2 meters to the center of  
their weight and removing the reefer truck’s  
weight creates a new loading condition with a  
static heel of 5 deg and wind heeling of 19  
deg. 

!  It is obvious that at this condition significant  
quantities of water may enter the car deck. 

!  A quantity of 100 tons is sufficient to  
increase the static heel to 12 deg and the wind  
heeling to 23 deg. 

!  Increase of the flood volume would degrade  
further the stability of the ship. 
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FLOODING SIMULATION 
!  The flooding simulation uses the pressure-correction  

method. 

!  The ship is considered as an unstructured and  
staggered grid of volumes (cells). 

!  Each room is a single computational cell. The flux  
through a cell face is possible only with an opening  
that connects the room with another one or the sea  
(environment). 

!  The water is level in the room, thus sloshing effects are  
not taken into account. 

!  The volume in each room is calculated using the water  
depth in it and the heel and trim angles. Thus, the  
progress of floodwater is solved implicitly on the basis  
of the pressures in the rooms and the velocities in the  
openings 

!  The underlying concept is that the equation of  
continuity and the linearization of the momentum  
equation (Bernoulli) are used for the correction of the  
pressures until the iteration is converged and both are  
satisfied at the same time. 
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FLOODING SIMULATION(2) 
The image cannot 
be displayed. 
Your computer 
may not have 
enough memory 
to open the 

!  The tool allows also the estimation of the  
dynamic roll motion of the ship. 

!  However, the NAPA flooding simulation  
tool does account only approximately the  
roll motion and ship dynamics, whereas  
trim and draught are treated in a quasi-  
static way, in contrast to the more accurate  
time domain simulation tools – e.g.  
CAPSIM, FREDYN, PROTEUS 

!  The simulated roll motion is an  
approximation of the true response and is  
based on specified values for the natural  
roll period and roll damping, 

!  The incident wave’s height and period are  
restricted to moderate values 

!  The main advantage offered by this  
tool is its fast execution, allowing the  
assessment of many damage scenarios  
within reasonable time 

!  The impact of the intermediate stages  
of flooding can be systematically  
explored, while taking into account  
moderate motions of the ship in beam  
waves 
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Results-Scenario #1 

!  Watertight car deck 

!" After  the 
overboard, 

refer  truck  was  gone 
the  remaining  vehicles 

were also shifted transversely due to  
the severe rolling motions of the ship  
(3.7 degrees list to starboard side) 

!  Natural roll period of the ship 14.9  
seconds (corresponding to a  
GM=0.902) 

!  Roll damping coefficient of 0.05 

!  JONSWAP spectrum with a period  
of 7.6 seconds, corresponding to  
wave lengths of 90 meters 
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Results-Scenario #2 
!  Assuming that there are 6 down flooding  

openings on the car deck (for which there is  
evidence that it was not watertight), with an  
effective   area   of   merely   0.1   sq.m.,    each 
connecting the cardeck space with the void  
spaces below, the s i tuat ion changes  
dramatically. 

!  Now the list of the ship increases continuously  
and the ship capsizes after 340 sec. 
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Results-Scenario #3 
!  Doubling  the size of the  downflooding 

openings results in the capsize of the  
ship in almost half the time, from 340  
seconds to 185 seconds. 

!  It  is  interesting  to  note  that  the 
floodwater quantity is about the same  
(around 2500 tons). 
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Conclusions 
!  The results using today’s state-of-the-art tools support the  

findings of the original investigation report and agree with the  
eye witnesses. 

!  The capsize of this ship was a typical RoRo ship accident with 
reduced freeboard, allowing the flooding of her car deck. 

!  The risk of water-on-deck is considerable still today, even  
though current damage stability requirements are considerably  
more stringent. 

!  The downflooding of large void spaces below the flooded car  
deck and the effect of multiple free surfaces was eventually the  
reason for ship’s capsize. 

!  Dynamic flooding simulation tools can provide significant  
insight and assist the work of both ship designers and the  
accident investigators. 
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